ABSTRACT: Concrete structures in service are exposed to the combined effect of load and environment. This paper determines the free chloride ion content and the chloride diffusion coefficient in the polyurea coated mortar specimens while exposed to: the co-action of dry-wet cycle and NaCl solution immersion, the co-action of bending load and NaCl solution immersion and the coupling effect of bending load, dry-wet cycle and NaCl solution immersion. Furthermore, the scanning electronic microscopy (SEM) is applied to observe the micro-morphology of the interface between the substrate and the polyurea coating. The results show that, after 90 days of NaCl solution immersion and dry-wet cycles, the chloride ion content of polyurea coated mortar at 6mm depth amounts to 0.0153%, and the chloride diffusion coefficient refers to 1.56×10 -12 m 2 /s. Under 90 days of bending load and NaCl solution immersion, the chloride ion content increases with rising load and when the bending load is 50%, the chloride ion content of polyurea coated mortar at 6mm depth amounts to 0.0163%, the chloride diffusion coefficient refers to 1.92×10 -12 m 2 /s, and the polyurea coated mortar features relatively good resistance towards chloride ion permeation. Under the coupling effect of bending load, dry-wet cycle and NaCl solution immersion, compared to the single NaCl solution immersion, the chloride ion content of polyurea coated mortar accumulates to 40.60%, the chloride diffusion coefficient amounts to3.76×10 -12 m 2 /s and the resistance towards chloride ion permeation decreases slightly. The SEM morphology results show that, under the coupling effects of above mentioned factors, polyurea coating provides a prominent sealing function, preventing the corrosive media from permeating. The polyurea coating exhibits good resistance to chloride ion permeation under the coupling effects caused by stated factors above.
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INTRODUCTION
Polyurea coating is a novel environmental friendly protective coating due to its good resistance to abrasion and corrosion and good flexibility at low temperature. It is widely used in various significant infrastructures (Guan 2003; Chen 2009; Zhang et al., 2012) . In recent years, polyurea coating has been in focus of research in concrete structure protective field ). Parniani S and Toutanji H., et al. (2015) conducted the four point bending test and fatigue loading test on the reinforced concrete beams strengthened by polyurea, and determined that polyurea could help to improve the bending capacity and ductility. Sun and Kang (2016) compared properties of four types of protective coating, and they found out that the improvement in resistance to chloride ion permeation of polyurea coating is better than that of epoxy coating, silicane coating and the compound coating of epoxy and polyurethane.
The coupling effects of environmental factors (such as corrosive mediums, mechanical loads, temperature and humidity, etc.) have a significant influence on the durability of concrete structures (Yoon et al. 2000; Liu et al. 2015) . Nowadays, most studies on polyurea protective coatings are based on a single environmental factor. Weibo Huang, etc. (Huang et al. 2011 ) adopted the natural immersion method to research the influence of polyurea on the chloride diffusion coefficient in concrete, and discovered that the chloride ion diffusion coefficient of polyurea coated concrete decreased significantly compared with non-coated concrete. Ping Lv, Haiyang Li, etc. (Li 2014; Lv et al. 2011) researched the changes of physical properties of polyurea coating while it was set under acid solution, alkali solution and salt solution, and the results demonstrated that polyurea coating has good resistance to corrosion. Bei Wang, Fu Hai Li, etc.(Wang et al. 2013 ) studied the mass change of concrete in freezing and thawing cycles, and realized that with the increase of freezing and thawing cycles, the mass of non-coated concrete decreased, while the mass of polyurea coated concrete increased slightly. Research results mentioned above indicate that polyurea coating exhibits good resistance to corrosion. However, the amount of researches focused on the resistance to corrosion when subjected to multi-factors is still few. This paper uses water soluble chloride ion content (hereinafter referred to as chloride ion content) as a testing index to systematically study the resistance of polyurea coating to chloride ion permeation in the process co-action of dry-wet cycles and NaCl solution immersion, the co-action of bending load and NaCl solution immersion and the coupling effects of bending Load, dry-wet cycle and NaCl solution immersion, and furthermore, analyses the changes of micromorphology of the tested specimens by using SEM.
EXPERIMENTAL

Test of the materials
Cement mortar: mortar with 42.5 ordinary Portland cement, standard sand, tap water with a size of 40mm×40mm×160mm. The mix ratio of cement mortar is shown in Table 1 . All cement mortar samples were cured in a standard curing chamber for 28 days.
Polyurea coated mortar specimens: The polyurea was prepared by the Institute of Functional materials, Qingdao University of Technology. The spray process proceeded under 23℃ and 50% RH and the coating were sprayed by the GX-8 spray gun on the PHX20 spray machine. Firstly，the cured mortar specimen were mechanically polished and the holes on the surface were repaired with putty. Secondly, the mortar specimens were placed in laboratory to dry for 48 hours and acetone was used to clean the surface. Finally, the polyurea coating was evenly spayed on the surface of the mortar specimens. 
Methods
Corrosive solution: NaCl solution with a mass fraction of 3.5%. The solution was replenished in course of the experiment to ensure a constant concentration.
Wet-dry cycle method: Firstly, the specimens were dried in the oven; After cooling down to room temperature，they were immersed in corrosive solution for 15 hours and the liquid level exceeded the specimens by an uppermost of 20mm; they were taken out for 1 hour. Afterwards, they were dried in the oven for 6 hours at 80 ℃ and then naturally cooled for 2 hours. 24 hours correspond to one full cycle. In this study, the data was collected while the samples were set under the wet-dry cycle for 30, 60 and 90 times respectively.
Spring load device (Jin 2006 ): The structure of the self-made spring load device is shown in Fig.1 . The whole device was placed in an antiseptic plastic box. The cement mortar specimens were loaded by springs and metal rods. The bending load could be calculated by spring deformation. In this study, the bending load was set at 15%, 30% and 50% of the ultimate bending strength, and the experimental period amounted to 90 days.
Determination of chloride ion content (GB 50164-2011) : the test was conducted according to the Chinese standard <The Concrete Quality Control Specification> (GB/T 50164-2011), which specifies the method for watersoluble chloride ion content determination.
Apparent diffusion coefficient of chloride ion (Peng et al. 2014 ): The transmission mechanism of chloride ion in concrete was analysed with Fick´s second law. The analytical solution of it is:
C 0 refers to the initial chloride concentration, C y refers to the chloride ion concentration on the surface of the mortar specimens, D refers to the chloride diffusion coefficient and t refers to the corrosion time. In this study, the analytical solution was used for the fitting calculation of the chloride ion content at different depths, with the correlation R 2 as close to 1 as the goodness of the fit test.
RESULTS AND ANALYSIS
Co-action of dry-wet cycle and NaCl solution immersion
The experimental results of the chloride content change with depth of polyurea coated mortar under the combined effects of dry-wet cycle and NaCl solution immersion are shown in Fig.2 . As displayed in Fig.2 , the content of chloride ion in the polyurea coated mortar specimen increases with the number of dry-wet cycles. Mortar specimens at 6mm depth relatively exhibit a chloride ion content of 0.0123%, 0.0142%, 0.0153% after 30, 60, 90 cycles. According to the fitting curve of measured chloride ion concentration with depth, the chloride diffusion coefficient after 30, 60, 90 dry-wet cycles were 2.14×10 -12 m 2 /s, 2.03×10 -12 m 2 /s, 1.56×10 -12 m 2 /s and therefore less than 2.5×10 -12 m 2 /s(GB/T 50164-2011). It can be concluded that polyurea coated cement mortar has good resistance to chloride ion permeation. This is mainly because chloride ions in the mortar matrix mostly diffuse through the corresponding surface and interface. In other words, the chloride ions must firstly penetrate the mortar surface protective coating before reaching the internal matrix. The polyurea coating forms a dense, continuous surface with no cracks on the mortar, effectively sealing the surface of the mortar pores to prevent infiltration of corrosive solution. Thereby it blocks the contact between the chloride ions and the mortar and significantly reduces the chloride ion permeation. Fig.3 . presents the experimental results of the chloride content variation of polyurea coated mortar under bending load (0, 15%, 30% and 50%) and 3.5% NaCl solution immersion for 90 days. As shown in Fig.3 , the chloride content of the polyurea-coated mortar increases with rising bending loads. When the load increases from 0 to 50%, the chloride ion content were at depth of 6mm amounts to 0.0132%, 0.0143%, 0.0160% and 0.0163% respectively.
Co-action of bending load and NaCl solution immersion
Origin was utilized to display the chloride ion content fitting curves. The chloride diffusion coefficient of polyurea coated mortar with a bending load of 15%, 30% and 50% are 0.96×10 -12 m 2 /s, 1.38×10 -12 m 2 /s and 1.92×10 -12 m 2 /s. Compared with no load, the chloride diffusion coefficient of 15% polyurea coating mortar has no obvious change, and with the load of 30% and 50% it increases slightly. However, the chloride diffusion coefficient is below 2.5×10 -12 m 2 /s, indicating that polyurea coated mortar exhibits good resistance to chloride ion penetration under bending loads. This is due to the cross-linked and dense structure of the polyurea coating. Furthermore, the tensile stress does not destroy the integrity of the coating.
Co-action of bending load, dry-wet cycle and NaCl solution immersion
The experimental results of the chloride content change with depth of polyurea coated mortar under single NaCl solution immersion and co-action of dry-wet cycle (90 times)-chloride salt, as well as bending load (30%)-wet-dry cycle (90 times) are shown in Fig.4 .
As presented in Fig.4 , at a depth of 6mm, the chloride content of polyurea coated mortar under NaCl solution immersion amounts to 0.0133%. With the increasing number of corrosion factors, the chloride ion content increases as well. Due to the combined factors of dry-wet cycle-NaCl solution immersion, bending load-NaCl solution immersion and bending load-dry-wet cycle-NaCl solution immersion，the chloride ion content increases by 15.04%, 20.30%, 40.60% in contrast to single NaCl solution immersion.
The chloride diffusion coefficients of polyurea-coated mortars are shown in Table 2 . The changes in chloride diffusion coefficients of the polyurea-coated mortars subjected to the co-action of two factors are smaller than being subjected to the coupling effect of three factors. Under the influence of these three factors, the resistance towards chloride ion decreases greatly. Firstly, the dry-wet cycle makes polyurea coating absorb water to expand in liquid and shrink in dry environment, which lead to the increase of porosity inside the coating. The porosity enlarges the chloride ion diffusion channels. Secondly, the bending load stretches the coating, decreasing its thickness and causing micro-cracks in the mortar matrix, this further accelerates the infiltration of the corrosive media. These two reasons promote each other so that the chloride ion permeation rate increases.
Microscopic morphology of the interface between polyurea coating and mortar
In order to compare the micro-morphology of the samples under different effects, SEM was used to characterize the products. The SEM images of polyurea coated mortar under different factors (NaCl solution immersion, drywet cycle-NaCl solution immersion, bending load-NaCl solution immersion and bending load-dry-wet cycle-NaCl solution immersion) were listed in Fig.5 .
The polyurea coating under dry-wet cycles-NaCl solution immersion or under bending load-NaCl solution immersion is similar to the coating under one factor like NaCl solution immersion. The solid and continuous polyurea film with dense internal microstructure is formed on the surface of the concrete structure and prevents the infiltration of the corrosion solution. While under bending load-dry-wet cycle-NaCl solution immersion, the internal structure of polyurea coating deteriorates lightly. However, the bonding between polyurea and the substrate remains tight. No holes, cracks and other defects could be determined. The reason is that the urea linkage is stable, which is not easily destroyed by the aggressive medium or load action. Therefore, polyurea offers an outstanding sealing function. 
CONCLUSION
(1) Under the two co-actions, dry-wet cycle-NaCl solution immersion, and the of bending load and NaCl solution immersion, the chloride ion diffusion coefficient of polyurea coated cement mortar is still below 2.5×10 -12 m 2 /s. Therefore, polyurea coating offers good resistance to chloride ion permeation.
(2) Under the coupling effect of bending load-wet-dry cycle-NaCl solution immersion, the chloride ion content and diffusion coefficient of polyurea coated mortar increase to a certain extent and the resistance to chloride ion permeation slightly reduces.
(3) SEM results show that，under the coupling effect of bending load-wetdry cycle-NaCl solution immersion, the compactness of polyurea coating decreases slightly, but the sealing effect to the mortar surface is prominent.
